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A number of studies have shown that Black people on the fringes of Southern towns 
and cities have been systematically denied access to public drinking water and sewer 
services. This paper analyzes the role of race in access to public water and sewer access 
within the extraterritorial jurisdictions of and the areas within one mile of municipal 
boundaries in Halifax County, North Carolina. 
Utilizing publicly available tax data and census records, we quantified the 
proportion of people identifying as Black in Halifax County census blocks and identified 
which tax parcels had access to public water and/or sewer service. We then utilized a two-
stage least squares regression to quantify the relationship between the proportion of Black 
people in a census block and the odds of a tax parcel in that block having access to public 
water and sewer, as mediated by the effect of population density. We found that, within 
ETJs, for every 10% increase in the proportion of people identifying as Black in a census 
block, the odds of a parcel in that same census block having public water service decreases 
by 12.3%, and the odds of having sewer service decreases by 8.3%. The same trend is found 
in the areas within one mile of town boundaries, where the odds of public water service 
decreases by 6.6% and odds of sewer service decreases by 5.1% for every 10% increase in the 
Black population proportion. 
These results suggest that Black communities in these settings are more likely to be 
excluded from public water and sewer and show the need for further research to 
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Access to Community Water and Sewer Service 
Access to public water and sewer systems has been shown to significantly reduce 
exposure to harmful contaminants and the incidence of waterborne diseases (Cutler & 
Miller, 2005). Public water systems are defined by the US Safe Drinking Water Act (SDWA) 
as any system that services at least 15 connections or 25 people for 60 or more days of the 
year (Pub. L. 93-523, 88 Stat. 1660 [1974]). Public water systems must meet certain 
maximum contaminant levels (MCL), set by the United States Environmental Protection 
Agency (EPA). MCLs are set and enforced to protect the health of consumers by limiting 
their exposure to harmful contaminants.  
Homes that do not have access to public water and sewer systems often turn to 
private wells and septic systems as alternatives. Private wells generally serve only one 
home or a few houses, and are therefore unregulated under the SDWA (Pub. L. 93-523, 88 
Stat. 1660 [1974]). Because of this, well owners are solely responsible for the monitoring, 
treatment, and maintenance of their well. This can lead to increased exposure to a variety 
of contaminants, because private well testing and maintenance can be prohibitively 
expensive, and owners may not know that they need to test their well (Stillo et al., 2019). 
These risks may be compounded when a failing septic system is nearby (Borchardt et al., 
2003).  
Despite the important health benefits of public water and sewer systems, 24% of 
North Carolinians are not served by a public water source (Dieter et al., 2018), and 48% use 
a septic system as an alternative to sewer (US EPA, 2015). Many of these people live in 
rural areas, where the extension of water and sewer lines is not feasible; however, a 
number of studies have identified the systematic denial of water and sewer service to Black 
people living around small Southern towns (Aiken, 1987; Johnson et al., 2004, 2004; Leker 
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& MacDonald Gibson, 2018; MacDonald Gibson et al., 2014; Naman & Gibson, 2015; 
Parnell et al., 2004; Purifoy, 2019).  
 
Municipal Underbounding 
Racial discrimination in zoning practices and land-use regulations has long denied 
Black people in America access to economic resources, social power, and basic municipal 
services (Johnson et al., 2004; Power, 1983; Purifoy, 2019). In metropolitan areas, Black 
people are often restricted to living in neglected and underfunded inner-city neighborhoods 
((Power, 1983). Southern towns, on the other hand, exhibit a different trend. As described 
by geographer Charles Aiken, Black people in the some parts of the South are relegated to 
living just outside the borders of municipal areas, rather than inside (Aiken, 1985). This 
tactic of exclusionary zoning, where municipal governments will exclude Black communities 
from their borders, is known as municipal underbounding (Aiken, 1987). The people in 
underbounded communities often seek annexation, or inclusion within municipal 
boundaries, only to be denied by white-controlled local governments. Therefore, they often 
do not have access to basic municipal services, such as water and sewer, though they may 
live just blocks away from homes with full utility connections.  
Within North Carolina, underbounded communities are often found in 
extraterritorial jurisdictions (ETJs) (Gilbert, 2013). ETJs are areas within one to three 
miles of municipal boundaries, depending on the size of the municipality, that are subject to 
the zoning, planning, land use, and community development regulations imposed by the 
local government (NC General Statute §160D-201). These governments are not required to 
provide municipal services – such as water and sewer – to homes in ETJs, though they may 
choose to (Leker & MacDonald Gibson, 2018). And, because people living within ETJs are 
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unable to vote for elected officials, they have almost no influence over local zoning decisions 
(Gilbert, 2013; Wilson et al., 2008).  
This paper seeks to understand the relationship between race and access to public 
water and sewer in ETJs and in the areas within one mile of municipal boundaries in 
Halifax County, North Carolina (Figure 1).   
Figure 1. Halifax County, North Carolina. 
  
 
Halifax County, originally the home of the Tuscarora People, is a rural, majority Black 
county near the eastern coast of North Carolina. After the Indigenous population was 
driven out, slaveholders established plantations and forced enslaved people to work the 
fertile soil along the Roanoke River. The county soon grew to an important river trade 
center and textile hub. The economy of modern County is still mostly agricultural (Vocci, 
2006).   
 







North Carolina 21.0 180,600 76.0 
Halifax County 52.6 86,100 29.1 
Within ETJs 36.5 98,850 459.2 
Within one mile  51.9 62,350 424.2 





Data Acquisition and Management 
To create the spatial dataset, we first obtained a shapefile of the census blocks in 
Halifax County and a CSV of demographic information for each block (U.S. Census Bureau, 
2010a). The demographics dataset was joined with the shapefile, using ArcMap 10.7.1 
(ESRI, Redlands, CA, USA), and used to calculate the population density and the 
proportion of people of people identifying as Black and in each census block. 
A dataset of all 39,350 tax parcels (i.e., plots of land on which taxes are paid) in 
Halifax County and their utility connections was provided by the Halifax County 
Geographic Information System (GIS) department (Halifax County GIS, 2021). We joined 
this dataset with a shapefile of all tax parcels also provided by the GIS department. 
To extract the demographic information data from the appropriate census block, we 
used the Spatial Join feature in ArcMap. Each parcel was joined to the census block that its 
centroid was inside of, creating a new shapefile containing the demographics, utility 
connections, and parcel information for every parcel in Halifax County.   
  
Extraterritorial Jurisdiction Parcels, Dataset Creation 
We then created a dataset of only parcels within ETJs. All non-residential parcels in 
the main dataset were removed, leaving 35,197 parcels. Then, all parcels where the 
centroid was not within an ETJ were removed, leaving 1,454 parcels. The provided dataset 
included a variable for the amount of livable area in each parcel. We removed all parcels 
with a livable area equal to zero. This excluded all lots with no livable area, including 
parcels with no buildings, parcels with outbuildings such as barns or sheds, and parcels 
with abandoned or condemned buildings considered unlivable. The final size of this dataset 




One-Mile Buffer Area Parcels, Dataset Creation 
To analyze the role of race in areas just outside of municipal boundaries, a shapefile 
of the area within one mile from all municipal boundaries was generated using the Buffer 
tool in ArcMap (Figure 2). This area is referred to as the one-mile buffer area, and 
included the area within ETJs. All parcels not within this buffer area were removed, 
leaving 5,680 parcels. Then all non-residential parcels were removed, leaving 5,183. The 
same procedure for removing parcels with no living area from the ETJ data was completed 
on this dataset. The final size of the dataset was 2,788 parcels. 
An overview of data and sources can be found in Table 2.  
 




Table 2. Description of Data and Sources  









Total population Total population by census block. Used to 
calculate population density. 
 
Race Population divided into race categories. Used 
to calculate proportion of people identifying 
as Black in each census block.  
 
Halifax parcels, 2020 
 
Spatial distribution of all tax parcels in 
county. 
(Halifax County GIS, 
2021) 
Parcel data, 2020 
 
 (Halifax County GIS, 
2021) 
Utility data Utilities present for every tax parcel in 
Halifax. Includes designation for public 
water, private well, sanitary sewer, and 
septic tank connections. Used to identify 
which parcels have access to public water 
and/or sewer. 
 
Tax data Information on property value for each tax 
parcel. Used to identify the total taxable 
value for each parcel.  
 
Building information Building data for all parcels. Includes field 
for the livable area in each parcel. Used to 





Boundaries of ETJs, used to determine which 
tax parcels are within ETJs. 
Asheville Metropolitan 
Planning Organization  
Municipal 
boundaries 
Boundaries of municipalities within Halifax. 
Used to identify which parcels are 
within/outside of towns and to create the one-
mile buffer area. 
 
(Halifax County GIS, 
2021) 
Census blocks, 2010 Geographic boundaries of census blocks to be 
joined with census demographic data. 
 







Two-Stage Least Squares Regression 
To analyze the potential role of racial discrimination in access to municipal water 
and sewer utilities, a two-stage least squares regression was completed separately for water 
and sewer service. Statistical analyses were conducted in RStudio version 1.3.1073, and the 
regressions were completed specifically using the ivtools package (RStudio, Boston, MA, 
USA). 
For both analyses, binary variables were created denoting if a parcel has access to 
community water service and if a parcel has access to sewer service. These served as the 
dependent (outcome) variables in the analysis. The explanatory variables were the 
proportion of people identifying as Black in the parcel’s census block, the total taxable value 
of the parcel, and the population density of the census block that the parcel is within 
(people/km2).  
The proposed causal pathway for the effect of higher Black population on access to 
water and sewer can be seen in Figure 3. In this pathway, the proportion of the census 
block population identifying as Black does not act directly on access to public water or 
sewer. Instead, it acts indirectly through population density, which is directly associated 
with access to public water and sewer. This sequential process reflects the historical 
exclusion of Black populations from the more densely populated areas within municipal 
boundaries.  The two-stage least-squares regression approach enables the estimation of the 
effects of racial demographics on access to services as mediated by the effects of population 
density.  Total value, defined as the total taxable value of a tax parcel, is also included in 
this analysis as a covariate to control for income effects.  Access to water or sewer is 
considered the dependent variable.  
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Figure 3. Proposed causal pathway 
 
In the TSLS modeling framework used here, the first-stage model represents the 
effect of race on population density. Our hypothesis, consistent with the prior research 
described in the introduction, is that Black people were historically forced to live in 
marginal areas at the edges of southern cities and towns, where population densities are 
lower.  We therefore expect to observe a negative and significant coefficient on “Proportion 
Black” (B) in the stage 1 regression model shown below: 
 
Stage 1 Model 
𝑃 = 𝛼0 + 𝛼1𝐵 + 𝛼2𝑉 + 𝜀1 
where 
P = population density in census block 
B = proportion Black in parcel census block  
V = total property value 
 
Relegation to marginal areas at the edges of towns in turn leads to a lower likelihood 
that the property will have access to municipal services (in this case, public water or sewer 
service), represented in the stage 2 (logistic) regression model:   
 





) = 𝛽0 + 𝛽1?̂? + 𝛽2𝑉 + 𝜀2 
where 
?̂? = population density estimate from stage 1 model 














The effect of racial composition of the parcel’s census block on access to community 
water or sewer service is then estimated as an odds ratio (ORA) using the coefficients from 
the stage 1 and stage 2 models: 
𝑂𝑅𝐴 = exp(𝛼1𝛽1) 
It is important to note that, while creating the datasets used for analysis, a variable 
denoting the building value for each parcel was identified. This variable is similar in utility 
to the livable area variable. All statistical analyses were conducted on the subsets with 
livable area greater than zero and on the subsets with a building value greater than zero, 
and the results were not significantly different. Therefore, we chose to conduct our analysis 
on the livable area subset, as it excludes land where valuable outbuildings (e.g., barns and 
sheds) are present but not people.  
Results 
Characteristics of selected parcels 
Table 1 summarizes demographic information for tax parcels within Halifax county 
ETJs, the buffer area, and in general. Additionally, Table 3 summarizes the number and 
percentage of people with water and sewer service in the same areas.  





Lack both water 
and sewer  
n percent n percent n percent 
Halifax, general 10,602 51.9 6,170 30.2 6,095 29.7 
Within ETJs 478 51.4 82 8.8 76 8.2 
Within one mile 1,382 49.6 519 18.6 500 17.9 
Summary of utility access in three spatial contexts in Halifax County. In general, more parcels lack 
access to sewer than water. 
 
Two Stage Least Squares Regression 
Within ETJs and in the one-mile buffer area, a significant relationship was found 
between the proportion of people who identify as Black in a census block and the odds of a 
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tax parcel in that block having access to community water and to sewer, as mediated by 
population density.  
 
Extraterritorial Jurisdiction Analyses 
Public Water Analysis 
The first stage of the TSLS regression shows that there is a significant relationship 
between the proportion of Black people in a census block and population density (Table 4). 
As proportion Black increases, the population density decreases (p<0.0001). This is 
consistent with our prediction that Black people are more likely to live outside of more 
densely populated areas.  
 
Table 4. Stage one results for ETJ: relationship between population density and racial 
composition of census block  
Coefficient 95% CI p value 
Intercept 843 (759, 928) < 2x10-16 
Proportion Black -586 (-694, -477) < 2x10-16 
Total Value -1.43x10-3 (-1.85x10-3, -9.94x10-4) 1.58x10-10 
 
The second stage of the TSLS regression shows a significant relationship between 
population density and odds of having access to a public water source (Table 5). As 
population density increases, odds of having public water also increases (p<0.005) 
 
Table 5. Stage two results for ETJ, public water access: effect of predicted population 
density (from Table 4) on address to community water service  
Coefficient 95% CI p value 
Intercept 1.60 (0.883, 2.31) 1.17x10-5 
Population Density 2.24x10-3 (8.96x10-4, 3.58x10-3) 1.09x10-3 




To ascertain the relationship between the proportion Black in a census block and 
access to water as mediated by population density, we calculated an odds ratio (OR) of 
0.270. This suggests that a parcel in a block composed of 100% Black people is 0.270 times 
as likely to have public water service than a parcel in a block with 0% Black people, as 
mediated by the effects of population density.  Equivalently, every 10% increase in the 
percent of the population identifying as Black in a census block decreases the odds of water 
service by a factor of 12.3%. 
 
Sewer Analysis 
The results of stage one for water and sewer are identical (Table 4), as the model is 
based off of the same parameters (proportion Black, total value, and population density). 
Stage two differs because we analyze sewer access instead of water access.  
The second stage of the TSLS regression shows a significant positive relationship 
between population density and odds of having access to sewer service (p<0.001) (Table 6).  
 
Table 6. Stage two results for ETJ, sewer access: effect of predicted population density 
(from Table 4) on address to community water service  
Coefficient 95% CI p value 
Intercept -0.504 (-0.943, -0.0652) 0.0243 
Population Density 1.48x10-3 (7.26x10-4, 2.24x10-3) 1.20x10-4 
Total Value -2.00x10-6  (-3.779x10
-6, -2.25x10-7) 0.0273 
 
We calculated an OR of 0.420 for the relationship between the proportion Black in a 
census block and access to sewer as mediated by population density. This suggests that a 
parcel in a block with only Black people is 0.420 times as likely to have sewer access than a 
parcel with no Black people. Furthermore, every 10% increase in the proportion of Black 




One Mile Buffer Area Analyses 
Public Water Access  
The first stage of the TSLS regression shows that there is a significant positive 
relationship between the proportion of Black people in a census block and population 
(p<0.0001) (Table 7). This is consistent with our predictions.   
 
Table 7. Stage one results for one-mile buffer area: relationship between population 
density and racial composition of census block  
Coefficient 95% CI p value 
Intercept 662 (614, 711) < 2x10-16 
Proportion Black -290 (-348, -232) < 2x10-16 
Total Value -1.00x10-3 (1.26x10-3, 7.40x10-4) 8.41x10-14 
 
The second stage of the TSLS regression shows a significant positive relationship 
between population density and odds of having access to a public water source (p<0.005) 
(Table 8). 
 
Table 8. Stage two results for one-mile buffer area, public water access: effect of predicted 
population density (from Table 7) on address to community water service   
Coefficient 95% CI p value 
Intercept 0.534 (0.883, 2.31) 0.0452 
Population Density 2.35x10-3 (8.96x10-4, 3.58x10-3) 3.75x10-5 
Total Value -4.72x10-7 (-3.97x10-6, 5.32x10-7) 0.468 
 
We calculated an OR of 0.505, suggesting that a parcel in a block with only Black 
people is 0.505 times as likely to have public water service than a parcel with no Black 
people, as mediated by population density. Furthermore, this shows that with every 10% 
increase in the proportion of Black people in a census block, the odds of a parcel in that 





The results of stage one for water and sewer are the same (Table 7), as the model is 
based off of identical. Stage two differs because we analyze sewer access instead of water 
access.  
The second stage of the TSLS regression shows a significant relationship between 
population density and odds of having access to sewer service. As population density 
increases, odds of having sewer also increases (p<0.0005) 
 
Table 9. Stage two results for one-mile buffer, sewer access: effect of predicted population 
density (from Table 7) on address to community water service  
Coefficient 95% CI p value 
Intercept -0.3561 (-0.744, 0.0317) 0.0721 
Population Density 1.79x10-3 (9.65x10-4, 2.62x10-3) 2.20x10-5 
Total Value -4.686x10-6 (-6.049x10-6, -3.322x10-6) 1.651x10-11 
 
We calculated an OR of 0.595, suggesting that a parcel in a block with only Black 
people is 0.595 times as likely to have sewer than a parcel with no Black people, as 
mediated by population density. Additionally, it was found that with every 10% increase in 
the proportion of Black people in a block, the odds of a parcel in that block having sewer 
service decreases by 5.07%.  
Summarized regression results for public water and sewer access in both geographic 








Table 10. Two-Stage Least Squares Regression Results 
Location 𝑶𝑹𝑨 
Effect of 10% 
increase* 
Stage 1 Stage 2 
𝜶𝟏 p value 𝜷𝟏 p value 
ETJ, Water 0.270 12.3% 
-586 < 2x10-16 
2.24x10-3 1.09x10-3 
ETJ, Sewer 0.420 8.3 1.48x10-3 1.20 x10-4 
One-Mile, Water 0.505 6.6 
-290 < 2x10-16 
2.35x10-3 3.75x10-5 
One-Mile, Sewer 0.595 5.1 1.79x10-3 2.20x10-5 
Two-stage least squares (TSLS) regression results for parcels within ETJs and within the one-mile 
buffer area. The ORA column is the odds ratio calculated based off of the regression, using the given 
OR equation. Columns α1 and β1 are the results from the stage 1 and 2 models, respectively, 
alongside their significance  
*The effect that each incremental 10% increase in the proportion of Black people in a census block 
will have on the odds of a parcel in that same block being excluded from the relevant utility.  
 
Discussion 
The results of this analysis suggest that population density mediates the 
relationship between race and access to public water and sewer services in Halifax County 
and that Black people living in ETJs and in the areas just outside of town boundaries are 
significantly less likely to have access to public water and sewer services than white people. 
This finding is consistent with other studies that have examined the intersection of 
race, underbounding, and access to public utilities. Municipal underbounding is a common 
tactic where municipal governments historically excluded Black communities from their 
boundaries (Aiken, 1987). Many studies have since identified underbounding and 
exclusionary zoning as powerful tools that local governments can utilize to bar Black 
communities from accessing basic municipal services and deprive them of political 
representation.  
A 2004 case study examined the role of exclusionary zoning on sewer access in four 
Black communities in Mebane, North Caroline (Johnson et al., 2004). All of these 
communities lie directly outside of municipal boundaries, sometimes just a street away 
from annexed territory, and three of them are within an ETJ. The study found that all of 
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these underbounded Black communities lacked access to sewer, showcasing the 
intentionality of the local government in depriving Black neighborhoods access to basic 
services.  
A 2019 study by Danielle Purifoy examined how municipal underbounding relates to 
Black communities’ access to amenities, such as grocery stores and doctors’ offices, access to 
public utilities, and proximity to disamenities like Brownfield sites and landfills. She found 
that unincorporated block groups with a higher Black and Latino population are 
significantly less likely to have access to basic amenities and infrastructure, including 
public water and sewer (Purifoy, 2019).  
Both of these studies highlight the well-documented strategies of underbounding 
and exclusionary zoning. These strategies are used by municipalities to intentionally 
exclude Black communities from town boundaries or to capture them within ETJs, thereby 
depriving them of water and/or sewer access, among other amenities (Cedar Grove Institute 
for Sustainable Communities, 2004; Gilbert, 2013; Johnson et al., 2004; Purifoy, 2019).  
Counties and municipalities are also authorized to extend public utilities outside of 
their territorial boundaries, which may lead to their inequal distribution (NC General 
Statute §160A-312). A number of studies have highlighted this inequal denial of utilities 
from Black communities in ETJs. One study, focused on ETJs within Wake County, NC 
found that every 10% increase in the Black population proportion within a census block 
results in the odds of exclusion from municipal water service increasing by 3.8% 
(MacDonald Gibson et al., 2014). This study was based in a mostly peri-urban setting 
around the State Capitol of North Carolina, Raleigh, demonstrating that municipal 
underbounding is not exclusive small rural southern towns.  
Another study examined access to public water and sewer in all North Carolina 
ETJs. While these researchers did not have access to the parcel-level data used in this 
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paper, they still found that peri-urban census blocks with a low percentage of Black people 
were more likely to have community water and sewer service than census blocks with a 
high percentage of Black people (Leker & MacDonald Gibson, 2018) 
 
Halifax County 
The trends highlighted in these studies are also present around towns within 
Halifax County. As can be seen in Figure 4, municipalities tend to have a much lower 
proportion of Black people than the areas just outside of their boundaries and in the county 
overall. When access to public water and sewer is overlaid atop the demographics (Figure 
5), it becomes clear that, for the most part, properties within municipal boundaries have 
full access to both public water and sewer, and people outside of the mostly white cities 
appear to be less likely to have access to public water and sewer. This is the same 
phenomenon that was seen in Mebane (Johnson et al., 2004), the Yazoo River Delta (Aiken, 
1987), and all across North Carolina (Purifoy, 2019).  
Figure 4. Demographics of Halifax County, NC 
Demographic information for every census block, based on 2010 census data. Blocks within 




Figure 5. Distribution of utility services, by parcel, in Halifax County, NC 
Every residential tax parcel with a livable area greater than zero is represented here as a 
dot. The color of the dot represents whether the parcel has a public water or sewer 
connection. If there is no connection, it is assumed that the parcel has a well or septic system. 
In general, parcels within municipal boundaries have full utility access.   
 
Figure 5 also shows that, in the areas just outside of municipal boundaries and 
within ETJs, there is significant variance in who has access to public water and utilities. 
This can be seen more clearly when examining Roanoke Rapids, the largest town in Halifax 
County. As seen in Figure 6, the white population proportion in Roanoke Rapids is much 
higher than the proportion in the surrounding area. Until the mid-1930s, Roanoke Rapids 
was almost exclusively white. This can be traced directly back to the influence of Jim Crow 
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laws barring Black residents from participating in the town’s large textile industry (Dorosin 
et al., 2011). This has mostly remained the same, even as segregation became illegal, due to 
the influence of systemic racism and exclusionary zoning practices (Dorosin et al., 2011) 
 
Figure 6. Demographics of Roanoke Rapids, NC 
The proportion of people identifying as Black census blocks in and around Roanoke Rapids, 
NC. This shows the striking racial divide between blocks inside of and outside of municipal boundaries.  
 
When access to water and sewer is overlaid atop the demographic distribution of 
Roanoke Rapids, the influence of exclusion becomes clearer (Figure 7). Almost every 
property within town boundaries has both public water and sewer. However, just outside of 
town boundaries and within the ETJ, there is much variance in which parcels have 
utilities. For example, in Figure 8 a neighborhood can be seen just to the south of the ETJ 
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boundary with neither public water nor sewer access that is directly adjacent to a small 
neighborhood with full utility service.  
 
Figure 7. Distribution of utilities in and around Roanoke Rapids, NC 
Every residential tax parcel with a livable area greater than zero is represented here. The 




Figure 8. Utility distribution in a small area just outside of Roanoke Rapids, NC
Parcels shown here are only parcels within one mile from municipal boundaries. This 
demonstrates the significant variance in which parcels have access to water and sewer in 
underbounded areas outside of Roanoke Rapids.  
 
Public Health Considerations 
Black people living in underbounded areas in Halifax County are less likely to have 
access to public water and sewer services. Therefore, they are more likely to rely on 
alternatives such as private wells and septic systems. These alternatives have been 






For many people who are excluded from public water systems, the next-best 
alternative is a private well. Because private wells are not regulated under the SDWA, 
testing, maintenance, and repair of private wells is the sole responsibility of the owner.  
Testing, maintenance, and repair can be an expensive process that requires 
significant knowledge of potential contaminants and solutions. A North Carolina study 
found that many well owners either do not know or do not follow recommended well testing 
guidelines (Fizer et al., 2018), and another NC study found that, of 76 survey respondents, 
only 16% followed bacterial testing guidelines, and only 26% followed metals testing 
guidelines (Stillo et al., 2019). Due in part to this lack of monitoring, microbial and lead 
exposure through private wells is a serious public health concern. 
 
Lead  
Lead is a neurotoxin with no safe exposure level (Lanphear et al., 2005; Sanders et 
al., 2009). Exposed children are at great risk of experiencing cognitive damage, which may 
have detrimental effects on school performance, and which may lead to issues with social-
behavioral conduct (Canfield et al., 2003; Lanphear et al., 2005). A 2005 study estimated a 
3.9 IQ point decrease when blood lead increases from 2.4 to 10 ug/dL in children (Lanphear 
et al., 2005). Another study found associated an IQ decline if 7.4 points as lifetime blood 
lead increased from 1 to 10 𝜇g per deciliter (Canfield et al., 2003).  
A study that matched blood lead levels from 59,483 children in North Carolina with 
water source data found that children in homes relying on private wells had blood lead 
concentrations that were 20% higher, on average, than children on city water (MacDonald 
Gibson et al., 2020). These children also had 25% increased odds of having blood lead level 
greater than 5μg/dL. This increased exposure is often due to the leaching of lead from 
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plumbing fixtures, as well water generally does not undergo the same corrosion control 




The presence of fecal indicator bacteria, such as fecal coliforms and E. coli, can 
indicate the potential contamination of a water source with fecal material and can be used 
as a proxy for the presence of harmful microbial contaminants (Rochelle-Newall et al., 
2015).  
A 2004 United States Geological Survey report on fecal indicator bacteria presence 
in private wells found that 33.5% of 397 wells tested positive for total coliform bacteria and 
7.9% of 378 wells tested positive for E. coli (DeSimone, 2009).  
Other studies have specifically examined the contamination of wells within 
underbounded Black communities. One such study, based in Mebane, NC, found that 13.6% 
of sampled wells tested positive for both fecal coliforms and E. coli, and 14% tested positive 
for just E. coli (Heaney et al., 2011). Another, based in Chapel Hill, NC sampled 12 wells 
and found that 41.7% tested positive for total coliforms and 8.3% tested positive for E. coli 
(Heaney et al., 2013).  
Other studies of rural private wells have found similar results. One examined the 
water quality of 57 households in Wake County, NC and found that 49.0% tested positive 
for total coliforms, 28.0% tested positive for Enterococcus and 14.0% tested positive for E. 
coli (Stillo & MacDonald Gibson, 2017). These values are significantly higher than those 
detected in 36,280 community water samples from the same water supply. The prevalence 
of total coliforms in community water was 0.556% and the prevalence of E. coli was 
0.00850% (Stillo & MacDonald Gibson, 2017). Another study of 2146 wells in rural Virginia 
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found that 46% of sampled wells tested positive for total coliforms and 10% tested positive 
for E. coli (Pieper et al., 2015).  
These studies demonstrate that there is significant concern for microbial exposure in 
people drinking from a private well. The presence of indicator bacteria demonstrates the 
increased risk of exposure to waterborne pathogens that can have serious health effects. 
For example, a Wake County study estimated that 22% of emergency room visits for acute 
gastrointestinal illness may be attributable to private well contamination (Stillo & 
MacDonald Gibson, 2017). In families where lost wages or medical bills are a serious 
financial burden, impact of illness cannot be overstated.  
 
Septic System Exposures 
When septic systems are properly installed and maintained, they can successfully 
prevent exposure to potentially dangerous pathogens. However, septic system failure can 
result in increased risk of exposure to harmful microbial contaminants, such as E. coli, 
Cryptosporidium, and Giardia, which can cause a host of gastrointestinal illnesses 
(Johnson et al., 2004). This is especially true when a homeowner has both a well and a 
failing septic system, as untreated wastewater may seep into the well’s water supply.  
Septic systems fail for many reasons. The drain field may be located on the improper 
soil type for percolation, soil may become compacted, and roots may grow into lines or the 
tank causing leakage (Johnson et al., 2004). Septic maintenance can play an important role 
in extending the life of a system and preventing failure, but even then, failure is not 
particularly uncommon.  
A study of 45 septic system in the predominantly Black Rogers-Eubanks 
neighborhood of Chapel Hill, NC found that only 47% complied with recommended 
maintenance guidelines  (Orange County Health Department, 2010), and another study in 
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the same area found that, out of 22 households on a septic system, fifteen reported signs of 
system failure (Heaney et al., 2013). Furthermore, of those 15, ten had one or more signs of 
well vulnerability, which increases the risk of microbial exposure because untreated 
wastewater may make its way into the household drinking water. Additionally, increased 
density of holding tank septic systems has been associated with increased incidence of 
diarrheal illness according to a 2003 study (Borchardt et al., 2003).  
The most important limitation in this analysis is that we used 2010 census data. 
This was done because no other surveys provide race data at the block level, which is 
necessary for the high-resolution statistical analysis done here. Census block groups or 
tracts would not provide a high enough demographic resolution for a robust analysis.  
However, because racial demographics change over time, 2010 data may not be accurate in 
2021.  
Conclusion  
Studies have shown that private wells and septic systems are associated with a 
variety of human health impacts, from gastrointestinal illness to neurological damage. 
When Black communities are excluded from public water and sewer service, their next-best 
option is to rely on these alternatives. The potential public health disparities among 
underbounded Black communities around Southern towns as a result of lack of municipal 
water and sewer access are a significant public health concern. More research should be 
done to better understand how municipal underbounding affects the health of Black people 
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